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PREFACE. 

-♦- 

r 1HE purpose of this work is two-fold: first, to give to the dental profession plain and definite 

statements concerning the minute structure of the human teeth, and, second, to place on 

record some of the specimens from the unique collections of Professors Ford and Taft. 

To accomplish the first, a careful study has been made of both young and old adult teeth, 

after methods described in the general text. 

All the specimens were drawn in India ink by the author, and were reproduced by the 

engraver in such a manner that the writer alone is responsible for the accuracy of the illustra¬ 

tions. It is believed they fairly represent what is known to-day on this subject. 

It cannot be expected that everything said in the following pages will agree with the opinions 

held by all workers. They are the opinions held by the writer, and as such must go for what 

they are worth. Simple statements are made concerning what are believed to be the facts, and 

all discussions of disputed points, that would tend only to confuse and mislead the reader, are 

studiously avoided. 

To accomplish the second object of the work, it w as only necessary to make accurate drawings 

of the rare specimens from these collections. 

Professor Ford—Professor of Anatomy, University of Michigan,—has been known as a most 

eminent teacher of anatomy for nearly half a century ; while Professor Taft—Dean of the Dental 

College, University of Michigan,—has been at the very head of his profession for an equal length 

of time. 
\ \ 

They have not allowed an opportunity to escape whereby they might improve their valuable 

collections. As a result of this we have before us illustrations of fifty teeth from the private 

collection of Professor Taft and twenty-five teeth from the collection of Professor Ford. It is 

doubtful if any other two men in this country could produce from their own private collections 

such an array of “ unusual and irregular forms of teeth.” This subject, it is hoped, will be not 

only full of interest but also of profit to tile Dental profession. 

ChJrLES PI. STOW DLL. 



* 

A 



V 
. 









i 
* 

Working Diagram. 

By referring to this diagram the position of any of the structures of a tooth can he easily 

ascertained. It will also enable the reader to locate the various structures on the following plates. 

No. 1. The position of the enamel, covering the whole crown of the tooth. The dark shad¬ 

ings immediately to the right of the figure represent minute fissures not infrequently seen in the 

deep parts of the enamel, extending down to the surface of the dentine. 

No. 2. The “brown, parallel lines” of Retzius. 

No. 3. The alternate light and dark bands of the enamel. 

No. 1- The “incremental lines” of Salter. 

No. 5. The “lines of Sehreger.” 

No. (>. The “primary curvatures” of the dentinal canals. 

No. 7. The “secondary curvatures” of the dentinal canals. 

No. 3. A direct anastomosing of the dentinal canals, granular layer, and the lacunae with 

their canaliculi. 

No. 9. The “granular layer” of Purkinje. 

No. 10. The odontoblasts, forming a continuous layer around the pulp cavity, the “mem- 

brana eboris.” 

No. 11. The cementum, striated to represent the lamellae. 

No. 12. The lacunae and canaliculi of the cementum. 

No. 13. Haversian canals. These canals may be found, especially in old and hypertrophied 

teeth. 
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Longitudinal Section of an Incisor, 

This illustration was made from a section of a well-developed tooth of an adult. 

On the enamel are seen the alternate light and dark bands, due to the crossing of bundles of 

the enamel prisms, and also the “parallel lines of Retzius.” 

Surrounding- the dentine and just beneath the cementuin is the “-granular layer,” which is 

very narrow in this specimen. On the upper part of the dentine are the “incremental lines,” 

due to the presence of interglobular spaces. The vertical lines on the dentine are the “ lines of 

Sclireger,” caused by the primary curvatures of the dentinal canals. 

Surrounding the whole root of the tooth is the cementuin, which commences in its upper part 

by overlapping the enamel and terminates below to form the more or less pointed apex of the 

fang. In its upper part it appears structureless, while in its lower part are the lacunae and 

canaliculi. 

The pul]) cavity is larger than sometimes seen in older teeth, and yet much smaller than seen 

in younger teeth. Disease may partially, if not completely, obliterate this cavity. 
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Longitudinal Section of an Inferior Molar. 

The section here illustrated was taken from the tooth of a young person. This is evident 

from the size of the pulp cavity. The shape, however, is quite characteristic. 

The enamel is seen to end in a thin layer on one side, while on the other side it is much 

thicker and terminates more abruptly. This abrupt termination of thick enamel is often seen 

even with the unaided eye. 

The “ granular layer ” is thicker than shown on the last plate. As this varies within such 

wide limits it would be impossible to give any particular standard as normal from which there 

could be no deviation. 

The cementum appears structureless in its upper part, but tilled with lacunae and canaliculi 

below. Between the roots it is thickened, having, also, a few lacunae with their canaliculi. 
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Transverse Section of the Root of a Bicuspid, 

The root of a bicuspid is usually single, especially near the crown. This section was taken 

just below the neck of the tooth. 

The two canals are of characteristic shape and of normal size. In many sections they are 

more flattened and they more nearly approach each other. Much of this, however, 'would depend 

upon the degree of separation of the two roots. These might be so united that there would be 

but one common opening at the apex, or they might form two distinct roots. 

The granular layer is well marked. This seems doubly true when it is remembered that in 

many sections it is quite impossible to discover more than traces of it. 

The concavity existing between the two roots is largely obliterated by an extra deposit of 

cernentum, in which are the characteristic lacuna? and canaliculi. The section was not down the 

root far enough to show many of the laennye in other parts of the cernentum. 









Blood-vessels of the Pulp, 

A thoroughly injected pulp, as seen under a binocular, is a most beautiful object. The larger 

vessels in the center rapidly divide and anastomose, producing a rich net-work. At the periphery 

the vessels have become reduced to capillaries, which terminate in fine loops. 

No pen can either picture or describe this most complicated and yet most beautiful arrange¬ 

ment of vessels. 









Section of a Root, Parallel to the Dentinal Canals. 

This section corresponds to No. 8 of the “ Working Diagram,” Plate II. 

It is a section extending from the commencement of the dentinal canals at the pulp cavity, 

through the dentine and eementum, in a direction parallel to the dentinal tubes. 

The “secondary curvatures” of the dentinal canal are shown, as also their repeated divisions 

and inosculations. 

The inner spaces of the “.granular layer” are seen to be much larger than the outer ones; 

they all appear to anastomose with each other, with the dentinal canals and with the lacunae of 

the eementum. 

The eementum appears lamellated, with the lamellae arranged as are the circumferential 

lamellae of true bone. The lacunae anastomose with each other and with the spaces of the gran¬ 

ular layer through their eanalculi. 









The Living Parts of a Tooth 

Two dentinal canals are here represented. At the commencement of each canal is an odonto¬ 

blast. These odontoblasts form a continuous layer around the periphery of the pulp, as shown 

on the working diagram, Plate II, No. 10. 

The three kinds of processes of these odontoblasts, as described in the general text, are here 

shown; processes that unite them with deeper cells, with each other, and that extend into the 

dentinal canals. 

One odontoblast is represented as having two main processes extending outwards; one process 

is within a dentinal canal, forming a dentinal fibre, while the other is for the same purpose. By 

following this process, or “dentinal fibre,” toward the free surface of the fang, it is seen to divide, 

anastomose with other fibres, and to terminate finally by a direct union with the processes from 

the protoplasmic cells found in the spaces of the granular layer, and occasionally with the proc¬ 

esses from the cells found in the cementum. 

There is, therefore, in a young and normal tooth, a direct continuity of living matter from the 

layer of odontoblasts on the inner side to the lacunae of the cementum on the outer side. 

The other odontoblast of the figure is shown as having but one process extending outwards 

to make a single dentinal fibre. The process is not extended into the canal in order that the 

“secondary curvatures ” of the latter may be better shown. 









Odontoblasts, Enamel Rods, Interglobular Spaces and Lamellated Dentine. 

Figure 1, represents a layer of odontoblasts beneath which are the peculiarly shaped, deeper 

cells. The latter anastomose with the former by means of their processes. Cells similar to these 

deeper ones are seen all through the pulp. A discussion of these cells is given in the general text. 

Figure 2, represents a section from the tooth of a foetal kitten. The odontoblasts are repre¬ 

sented with processes extending into the newly-formed dentine, some even extending into the 

formed matrix beyond. The lightly shaded portion to the right, indicates the dentinal matrix 

after it has become slightly hardened with the lime salts, while the darker portion, nearer the 

layer of cells, is as yet in a condition resembling the dentinal cartilage. A study of some of the 

sections would indicate that these processes extend completely through even the harder portions 

of this newly-formed dentine. 

Figure 3, illustrates the appearance of the enamel rods or prisms, after the action of a dilute 

acid. Their transverse markings and their varicosities are also shown. 

Figure 4, shows the appearance of the rods in transverse section. 

Figure 5, is a small portion of dentine taken from near No. 4 of the “working diagram,” 

Plate II. It illustrates a few of the dentinal tubuli; crossing these is a portion of an “ incremental 

line.” This line is now resolved into the “ interglobular spaces.” which are here tilled with a 

trai isparent i iiaterial. 

Figure <>, represents the appearance of a small fragment of dentine after the action of hot 
w , \ 

caustic potash. Under a very high power layer after layer of dentine is seen, lying at right 

angles to the tubules, indicating a true laminated structure, and showing that the dentinal sub¬ 

stance was deposited in successive strata. 
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The Specimens Illustrated on this Plate are from the Collection of 

Professor Taft, 

No. 1. A superior third molar, with very irregular roots, the latter third of which curves at 

almost a right angle with the body of the tooth. The buccal roots are firmly united by cement 

throughout their entire length. 

No. 2. A superior molar, with long slender roots, the buccal nearly parallel with each other; 

the palatal root, unusually divergent from the buccal. Each of the roots has considerable curva¬ 

ture, while again each one differs from the others. 

No; S. Another view of No. 2. 

No. 4. The tooth here represented was removed from the same mouth as that represented by 

No. 14, and was the corresponding tooth on the opposite side of the jaw. Its general conforma¬ 

tion is much the same, about the only apparent difference being in the divergence in the palatine 

roots, and the minute supplementary root standing fairly in the bifurcation, rather than standing 

by the side of, and attached to one of the buccal roots. A very deep longitudinal fissure is on 

the palatine side of the crown, very much more pronounced than in No. 14. In other respects 

the crown is much like No. 14, only smaller. 

No. An inferior molar, with very long roots; the anterior one curved throughout its length, 

the posterior one straight except an abrupt curvature at the apex, constituting a foot-like form. 

The concave side of the anterior root looks backward. 

No. f>. Two molars, a second and a third superior, each with, irregular roots and cemented 

firmly together by a, secondary deposit of cement. The crown of the third molar is quite defective 

in form. 

No. 7. A second and third superior molar, the roots of which are most perfectly united by 

secondary cement. The to]) of the crown of the third molar only reaches the neck of the second, 

the union of the roots having taken place at that period of development; no further growth out¬ 

ward, at least, could take place. The root of the third reaches nearly two lines beyond that of 

the second. 

No. <S. This represents a permanent right central and lateral, joined by bony union from the 

cutting edges to nearly one-half the length of the roots; the roots a\re about the usual size and 

form, with some curvature of each at the ends. 

No. 9. This figure represents a second and third superior molar of the right side, the third 

embraced by, and firmly united to the roots of the second. The highest portion of the crown of 

the third is a little below the neck of the second. The axis of the two teeth forms an angle of 

about forty-five degrees. In part, at least, the union is so perfect and the deposit so great that the 

outline of the roots is lost. The crown of each is well formed. 

No. 10. A superior molar of the left side, with a supernumerary or abortive third molar 

attached by bony union to the posterior side of the palatine root. The root of the supernumerary 

projects more than the eighth of an inch beyond the end of the root to which it is attached, this 

free portion being somewhat bent backwards. The crown of the molar is good in form, while the 

crown of the supernumerary is small and not very tooth-like. 



SPECIMENS ILLUSTRATED. 

No. 11. A second 'superior right molar, with long, large, divergent roots. The ends of the 

roots are enlarged by secondary deposit of cement. 

No. 12. A right superior cuspid, with a very long root; this has a bayonet-shaped curvature 

of about two lines in length at the end of the root. 

No. 18. This is an unusually large, right superior cuspid, with an abrupt curve at the end of 

the root. 

No. 14. A third superior molar, with four roots and a small supplementary root attached to 

the inner side of the anterior buccal roots; the two palatine roots are large and divergent, the 

axis of the two roots forms nearly a right angle. The transverse diameter of the crown is about 

one-third greater than its antero-posterior. 

No. 15. A superior second molar; the palatine and buccal roots are united about two-thirds 

of their length by a thin septum of cement. One-half of the posterior buccal root is thickly 

covered with a secondary deposit of cement. 

No. 1(1. A superior molar of the right side, with unusually large, slender, divergent, curving 

rot >ts. 

No. 17. A superior third molar, with very irregularly formed and much curved roots. 

No. 18. An inferior molar, with large crown and small, short roots, with a supernumerary 

tooth springing from the anterior surface of the anterior root. The crown of the supernumerary 

is well defined, though of blunt, cusp-like form, while its root merges directly into, and constitutes 

a portion of the anterior part of the molar. 

No. 19. A superior molar, with a very deformed crown of another tooth attached to its pos¬ 

terior side by a large deposit of secondary cement, the whole presenting a very irregular mass. 

The outline of the roots and crown of one is well defined, while the tooth form of the other is 

almost wholly obliterated. 

No. 20. A tooth of a mound builder, having a broad, strong crown, with roots strong but 

very short. 

No. 21. A large, bony growth—the exact nature of which can hardly be determined by an 

examination of its surface-—attached to the root of a small tooth, probably a third molar. 

No. 22. A superior first bicuspid of the right side, with three well defined roots; the palatine 

and anterior buccal roots are united by a thin septum of bone two-thirds of the distance from the 

neck of the tooth to the apex of the roots. 

No. 28. This is a tooth, or possibly an aggregation of teeth, presenting, in a very slight 

degree, the form of a tooth crown; the large mass representing the roof is probably formed from 

an abnormally large or diseased tooth germ, or possibly several conjoined germs. The tooth was 

removed in a surgical operation for a tumor of the jaw, from which this was taken. 

No. 24. A third molar, with three or four roots completely fused together, forming a large, 

conical root. On one side, just below the neck of the tooth, is a well formed, perfectly spherical, 

enamelled nodule, which, instead of being attached to the surface, as is usual, is resting in a little 

pocket or socket formed for it; about two-thirds of the nodule is within this socket, and from this 

to the end of the root is a deep groove. 

No. 25. This represents the roots of an inferior molar, with an unusually large amount of 

secondary deposit completely covering about two-thirds of the apical portion of the roots. Two 

marked features characterize this specimen, viz., the very large amount of deposit, and its very 

areat irregularity and roughness. Some portions of it present almost as hard and polished a 

surface as enamel. 
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The Specimens Illustrated on this Plate are from the Collection of 

Professor Taft, 

Xo. 1. An overgrown bicuspid, probably of the lower jaw, with a well defined enameled 

nodule upon the root, about midway between the neck of the tooth and the apex of the root; 

about one-tldrd of the apical end of the root is somewhat enlarged by hypertrophy of cement. 

So peculiar is the form of this tooth, that a difference of opinion may honestly be entertained as 

to whether it is an exaggerated bicuspid or an abnormally small molar. 

No. 2. A bicuspid, 'with well formed crown ; about one-half of the root presents a true 

bayonet form. 

No. 8. This has no known history. Opinion is divided as to whether this is a right superior 

lateral incisor or an inferior cuspid. It has two well formed roots, one labial, the other palatal, 

which would rather indicate that it is a lateral incisor. 

No. 4. A right central superior incisor, with two distinct, web formed roots, the smaller only 

about one-fourth the size of the larger, and only about two-thirds as long. 

No. 5. A second inferior molar, with comparatively well formed crown; the root about the 

usual length, but of the same diameter as the crown. The end of the root, presents a broad 

surface, in some respects much like the masticating crown; the end is covered with a substance 

in general appearance, density and smoothness resembling enamel. 

No. (>. An inferior third molar, with two well defined roots, but greatly and irregularly 

curved; the posterior one. has a. double curve, while each of the roots forms about a right angle 

with the axis of the tooth. 

No. 7. Here is represented a superior third molar, with crown well formed, and with root, as 

a whole, quite short. There is a fusion of roots, a. short portion only of the ends being free, and 

these curve in various directions, two turning at about right angles with the axis of the tooth, but 

in opposite directions, becoming united as they pass. 

No. 8. This represents an inferior molar, with two well defined roots, but presenting abrupt 

curvatures. 

No. 9. A superior left third molar, with very divergent roots; the palatine with the buccal 

forming almost a right angle. Both buccal roots have a backward curvature or inclination. 

No. 10. This represents a superior third molar, with three short but well defined roots, 

turned at nearly a right angle. 

No. 11. A superior cuspid tooth of the right side, one inch and a quarter in length; there is 

a. very symmetrical root, the upper third of which is abruptly curved. 

No. 12. A right superior central incisor, with a broad, massive crown, and with the enamel 

unusually thick at the neck. The root is very short, being no longer than the crown. 

No. 12. Here is an inferior molar tooth of a mound builder, presenting a large and beauti¬ 

fully formed crown with very short roots, the bifurcation not extending more than half their 

length. 

No. 14. This represents the tooth of a young person, taken from an ancient mound. There 

is a beautiful and well formed crown; the roots are only about two-thirds completed, and give 

evidence that the possessor died or lost the tooth at this stage of root development. 



SPECIMENS ILLUSTRATED. 

No. 15. Inferior molar of the right side. 'The lower parts of the roots form nearly a right 

angle with the axis of the tooth. 

No. 16. In this figure is represented a superior third molar, with a mass of bony process 

almost as large as the tooth itself and apparently attached by a bony union. 

No. 17. Two temporary teeth, firmly united throughout their entire length, except about the 

sixteenth of an inch at the crown ends. These crowns are both Inal-formed. They are probably 

a lateral incisor and cuspid. 

No. 18. A small superior third molar, with two small and very dircrgent roots; just between 

these stand two minute roots, the one well defined and quite curced, the other a mere bud. This 

is a peculiar and unusual arrangement of the roots. 

No. 19. An inferior bicuspid, with an inward and posterior curvature* of the roots. 

No. -20. Here is shown a mass of enamel, cement and dentine, which apparently contains the 

] tarts of two bicuspid teeth, or of a bicuspid and supernumerary, or the product of a much injured, 

perhaps mutilated, germ of a molar. 

No. 21. Three temporary teeth; central incisor, lateral incisor and cuspid joined firmly 

together throughout the length of the roots so far as they remain; the crowns also appear to be 

united. 

No. 22. A mass of enamel, dentine and cement, in form, having but little likeness to a tooth, 

except that it has one fairly well formed root. The beginning of a second root is present. The 

crown is wholly devoid of tooth-like form. 

No. 28. A bicuspid, with the crown forming an angle of about forty-five degrees with the 

root. 

No. 24. A left superior central incisor of the temporary set, having a very marked deformity; 

the crown seems to have been severed from the root at the neck of the tooth, and bent outward 

to an angle of forty-five degrees with the latter, then moved up on the root, and there firmly 

attached. The fractured end of the root remains quite exposed. There is a sharp, hook-like 

curve at the end of the root. 

No. 25. A supernumerary tooth. 
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The Specimens Illustrated on this Plate are from the Collection of 

Professor Ford, 

No. 1. A third, upper molar, with a supernumerary joined to the lower part of its root. 

No. 2. An upper temporary molar, with some of its roots partly absorbed. W hen removed, 

this tooth brought with it the crown of a bicuspid. 

No. 8. A superior bicuspid, with a remarkably curved root. 

No. 4. A right superior second bicuspid. The curve of this root is most remarkable. A 

portion of the alveolar process was removed with the tooth. It rested quite firmly in the hook? 

but is not represented here in order that this strange curve can be better seen. 

No. 5. This represents a superior wisdom tooth with a curved root, increased by an extra 

deposit of eementum. 

No. (>. A superior molar, with large and very divergent roots. 

No. 7. This represents another superior molar with large roots; one of these projects forward 

at an angle of forty-five degrees with the axis of the tooth, while another projects laterally, with 

a sharp turn at its lower part. 

No. S. Another superior molar, with a crown of natural size, but with roots greatly enlarged 

by an unusual deposit of eementum. These roots are very rough, and in many places the 

eementum projects in quite large nodules. 

No. 9. A lower molar, with three roots. Two of the roots are unusually broad and hat at 

their base 

No. 10. A superior molar. One root is well formed. The root at the right of the figure is 

small, and firmly united to a broad, hat plate, which represents the third root. 

No. 11. This represents another large superior molar. The roots are very divergent. 

No. 12. A third superior molar, with its four roots tapering to hue points, and so blended 

that they appear as one. 

No. 18. A lower bicuspid, with its root, much enlarged by exostosis. 

No. 14. An upper molar, with two of its roots showing marked curvatures. 

No. 15. A lower wisdom tooth, with its united roots roughened by a deposit of eementum. 

Attached to the neck of this tooth is a small supernumerary with a well developed crown. 

No. 16. This is a well-formed but very rare tooth, from the fact that it is a lower molar with 

four large, divergent roots. 

No. 17. A superior molar, with four roots. The crown is well developed, while the roots are 

small, with sharp curves at their points. 

No. IS. Another superior molar, very much like the last in shape, only much larger. 

No. 19. A lower molar, with three roots. 

No. 20. An upper molar, with four roots. A large enamel nodule is firmly embedded 

between two of the roots, while on the crown of the tooth, immediately above the nodule, there 

is evidence of another small nodule. 

No. 21. A lower molar, with its roots sharply curved and united at tlieir points. 

No. 22. A third upper molar, with five distinct roots. 

No. 23. A third lower molar, with one root sharply curved to a right angle and firmly united 

to the second root. 

No. 24. Superior and inferior incisors, greatly worn for three-fourths their length. The 

worn surfaces are highly polished. 

No. 25. A superior incisor, greatly worn, and highly polished. 
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INTRODUCTION. 

T is very instructive to study the progress of any science in which we may he interested, that 

we may better judge of the activity of our own times as compared with that of the past. 

AVe learn from Herodotus that dentists existed among the Egyptians during Ids time, although 

we have no reason for believing that they undertook, in any way, the systematic study of their 

profession. 

Hippocrates, born 400 B. C., expressed decided views concerning the formation of the teeth. 

His idea was, in brief, that the bones of the head secreted a glutinous substance, “of which the 

fatty part is dried and burned up.” 

Aristotle displayed an unaccountable ignorance of things pertaining to the teeth. He is posi¬ 

tive that man has more teeth than woman; that pigs never loose their teeth; that teeth grow 

continually through life, and other similar statements, showing a great lack of close observation. 

He does not venture an opinion concerning their formation. 

Coming down to the second century after Christ, Galen took advanced ground and gave many 

valuable facts. He described the forms and functions of the teeth, and called them true bony 

structures. 

Eustachius described the enamel, and compared it to the bark of trees. He mentions the 

tooth follicles, their vessels and nerves. 

Malpighi said teeth were composed of two parts, and that the interior was formed of fibrous 

material, “as it were, tendinous hair woven into a net-work.” 

It remained, however, for Lemvenhoek, the “Father of Microscopy,” to give the first intelli¬ 

gent ideas concerning the structure of these tissues. Lemvenhoek was born in 1682, and died in 

1728. From a note by liis translator, Samuel Idoole, one might infer that his writings on this 

subject were first made public when their author was about fifty years of age, or during the year 

1682, 

Lemvenhoek, it must lie borne in mind, was the first investigator wdio recognized the value of 

“aids to the eyes” in scientific work. He ground all his own lenses, and worked with a degree 

of enthusiasm we all might do a veil to cultivate. He described, first, the result of his work on 

the tooth of the elephant. He found it “to consist only of a collection of tubuli or pipes,which 

are exceedingly small, and all derive their origin from the inner part of the tooth. One end of 

the tubuli arises from the cavity within, and the other end extends to the circumference.” “ 1 

found in the middle of the teeth a small cavity, through which I concluded the nutritive sub- 
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•stance must be conveyed for the continual support and increase of the tooth.” He was unable to 

decide “ whether or not, from these, first-formed tubuli, others might not arise and branch forth.” 

lie said this fine work was inscrutable to him. “ A human tooth,” lie wrote, “is formed of tubuli 

or little bony pipes, closely joined together, arising at the cavity in the middle of the tooth and 

ending at the circumference.” He described the pulp as “ consisting of such an inconceivable 

number of blood-vessels and other vessels as to surpass all imagination.” lie undertook to esti¬ 

mate the number of tubuli in a tooth. “ Within, the forty-fifth part of an inch I saw an hundred 

and twenty tubuli, which amounts in the space of an inch in length to five thousand four hundred. 

Aow, supposing this molar tooth to be of a round figure, the diameter of it would be two thou¬ 

sand one hundred and fifty times the thickness of one of the tubuli of which the same is com¬ 

posed, and when this number is multiplied into itself the product is f,822,500. In a word, the 

proportion of one of the bony tubuli to the size of such a tooth is as one to 4,822,500.” Regard¬ 

ing the size of these tubuli, he wrote that “six or seven hundred of these pipes put together, I 

judge, exceed not the thickness of one hair of a man’s beard.” 

John Hunter, in 1778, added much to the knowledge of this subject. lie regarded dentine as 

analogous to bone, and said the enamel was “composed of striae running from the circumference 

to the center.” He tmight that the roots were “surrounded by a periosteum, which comes from 

the alveolus, and which continues into the tooth cavity.” 

Following Hunter, there appeared the writings of Fox and Bell, during the early part of this 

century. 

Cuvier, in 1827, and Retzius, in 1887, added much to the literature of the subject. The latter 

writer described, better than had ever been done before, the dentinal tubuli, and gave the struct¬ 

ure of the enamel as “ composed of hexagonal solid prisms.” He also described the “primary 

and secondary curvatures” of the tubuli. Fie first described the tubuli as true canals having 

walls of their own. He also described the fibres found in these canals, now known as the dentinal 

fibres, tie examined the teeth of a large number of animals, with the result of. leaving on record 

much valuable and accurate information. 

During the past fifty years a vast amount of labor has been expended in this field. And yet, 

at the present time, with all its numbers of earnest and devoted workers, there are many ques¬ 

tions still unanswered; and some, apparently well settled ones appear on the verge of an upheaval. 



THE MICROSCOPIC 

A TOOTH may be defined as an enlarge papilla of the month, which has undergone such 

histological and chemical changes that it has acquired a remarkable degree of hardness. 

Hardened structures, similar to those which are called teeth, are very generally distributed 

throughout the vertebrate and invertebrate series. 

Teeth are usually divided into two general classes—horny teeth and dentinal teeth. A horny 

tooth is very simple in its structure, being little more than an enlarged papilla, covered with a 

layer of hard material, not unlike that forming the stings of insects or the hairs of mammals. 

The familiar whalebone from some of the whales belongs to this same class of horny formations. 

A human tooth, however, is a very complex structure, and, as dentine forms a large part of 

this structure, it is, therefore, classed with the dentinal teeth. 

In the development of these teeth, the connective-tissue matrix plays an important part, and a 

process is constantly going on not unlike the true ossifying process of bone, only, in place of true 

bone, there is formed an allied substance of harder consistence, called dentine. 

Dentinal teeth are firmly attached to the skeleton by means of the periosteum of the alveolar 

cavity. 

A dentinal tooth may be described as having a central pulp of soft consistence, rich in blood¬ 

vessels and nerves, surrounding which is a hard substance, permeated with canals, and called 

dentine; covering this above is the hardest substance in the body, termed enamel, while surround¬ 

ing the dentine below is an accessory structure, known as the cement. 

\ et, from this comparatively simple arrangement in man, there are many and very complex 

variations. The structure maybe made more complex by the folding of the dentine at the crown, 

the enamel and the cement dipping down between the folds to form a complex covering; or, the 

pulp may consist of several independent parts, comparable to the compound filiform papilla? of 

the tongue; or, the structure may be made more simple by the absence of one or more of the 

parts mentioned. Thus, the tusks, or ivory, of the elephant consist of dentine, with no enamel 

covering. Also, in the case of the rodents, where the masticating surfaces of their incisor teeth 

have no protection of enamel. In the case of some of the fishes, also, the teeth are composed, for 
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the most part, of a central vascular dentine, around which, at the very periphery, there is a layer 

of hard, homogeneous dentine. 

In every human tooth there are hard and soft, structures to study. The hard structures are 

divided into three parts—the crown, or free part of the tooth; the neck, or the part surrounded 

by the gums; and the root or fang, or the part firmly imbedded in the alveolar process of the 

jaw. The soft structure is found in a cavity in tlm center of the tooth, which conforms quite 

generally to the contour of the crown above, and which extends down the fangs, having its exit 

through a tine, single aperture at its apex. The size of the cavity of all normal teeth depends 

largely upon the age of the tooth. It is, comparatively, very much larger in young than in 

old teeth. 

THE DENTINE, 

The dentine is of a yellowish-white color when fresh, but when dry, it is white, with a 

peculiar silky lustre. It is much harder and more brittle than the bones, although in both these 

respects it is inferior to the enamel. It bounds the pulp cavity completely, with the exception of 

the small aperture at the root; while, in the normal condition, at no place does it extend to the 

free surface of the tooth. It is, therefore, the median layer between the enamel and the cement 

on the outer side and the pulp on the inner side. 

It is composed of twenty-eight per cent, of animal matter and seventy-two per cent, of 

earthy matter. By boiling, the animal matter is converted into gelatine, while by exposure to 

red heat it mav be destroyed, the inorganic matter retaining the form of the tooth. 

The dentine has a firm matrix, penetrated throughout by fine tubes; and as these are arranged 

nearly parallel, the whole structure is given a striated appearance. Dentine, therefore, may be 

said to resend»le bone, with the difference that, while in the matrix of bone there are cells, in the 

matrix of dentine there are long processes of cells, known as the dentinal fibres. 

After the inorganic matters have been removed from the dentine by some acid, as dilute hydro¬ 

chloric, a substance is obtained that corresponds to the ossein of bone, only it has, perhaps, a 

firmer consistence; this is called the dentinal cartilage. 

If a sound, fully-developed tooth be treated with hot caustic potash a peculiar result will 

follow. After the reagent has acted upon the matrix for ten or fifteen minutes, layer after layer 

of the matrix can be removed; and if a thin, transverse section be thus treated, it can be broken 

into concentric rings, like the annual rings of wood. This fact was first shown in the softened 

teeth of the sperm-whale. Here the intertubular substance can be readily torn into tine lamellae, 

arranged parallel to the surface of the pulp cavity, therefore directly across the dentinal tubes. 

This laminated structure of the matrix must be taken as an indication of the manner in which 

the dentine was formed. It must be that the dentinal substance is deposited in successive layers 

during the process of the formation of the tooth. These lamellae, therefore, correspond to the 

shape of the surface of the pulp at the different stages of its growth. This process of calcification 

of the dentinal matrix may become interrupted at various stages, or it may never become fully 

complete. This being the case, there would remain between the lamellae some uncalcified matrix, 
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or interglobular substance. Layers of this substance, corresponding to the layers of the lamellae, 

give the appearance of lilies; these lines are known as the incremental lines. At the periphery 

of the dentine there is a distinct layer of this imperfectly calcified matrix. Here there are large 

and small microscopic spaces inter-communicating, with ragged outlines, and with sharp, pointed 

processes. In these spaces there are nucleated, branched, protoplasmic cells, that take carmine 

staining with difficulty. These spaces are in direct connection with the dentinal tubes, many oi 

the latter apparently terminating in the former. These spaces are also in connection with the 

spaces found between bundles of the enamel prisms, and 'with the lacuna? and canaliculi of the 

cement. Thus the cells in these spaces become directly continuous with the dentinal fibres, and 

through them with the cells of the dental pulp. This layer of tine spaces at the periphery has 

been called the granular layer of Purkinje. 

DENTINAL CANALS, OR DENTINAL TUBES. 

Traversing the dentinal matrix are minute tubes, the dentinal canals. I hese canals are 

arranged, for the most part, at right angles to the surface of the pulp cavity, extending from it to 

the enamel or cement, giving off numerous tine branches on their way. Therefore, in the upper 

part of the crown they have a vertical direction; at the sides of the crown they become oblique; 

in tile neck and root nearly horizontal; while at the very lower part of the fang they incline 

downwards. They commence at the pulp cavity as small, circular openings, averaging about 

of an inch in diameter. As they pass radially toward the periphery, they make numerous 

spiral turns, an appearance easily seen in decalcified specimens. This spiral arrangement gives 

rise to two series of curvatures: Each canal describes two or three main curves in its course; 

these are known as the primary curves; each canal also describes a series of minute spiral turns, 

following closely one upon the other, giving rise to the secondary curves. As the primary curva¬ 

tures occur at about the same regular distances on all the tubuli, so it follows that the simul¬ 

taneous curvatures of a series of adjacent fibres give the optical effect of concentric undulations 

of the dentine, giving rise to the so-called lines of Schreger. 

As the canals first divide they do not appear to diminish in size, but continue to occupy the 

substance of the dentine at regular intervals. At the surface of the dentine the branches are 

exceedingly fine, many of them anastomosing freely, while others terminate in a particular manner 

described below. 

The canals are not placed close together at their commencement, but are separated from each 

other, by the matrix substance, a distance equal to three or four times their diameter. 

THE DENTINAL SHEATH. 

The dentinal tubuli are all lined with-a membrane, called the dentinal sheath. It is a mem¬ 

brane composed, probably, of elastic tissue. The evidence from which this conclusion is drawn 

is due to the fact that sections of decalcified dentine may be treated with strong hydrochloric acid 

until the whole matrix is destroyed, and yet the walls of these canals will remain intact. 

Sections prepared in the ordinary way do not show this membrane; even thin transverse 

sections of the dentine do not show it. It is easily demonstrated by the action of dissociating 

fluids. 
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THE DENTINAL FIBRES. 

In the dentinal sheaths lie the dentinal fibres. They are solid and homogeneous in structure, 

easily stained with carmine, and must be considered as elongated processes from the odontoblasts. 

In young teeth these fibres doubtless continue into the finest ramifications of the dentinal canals, 

and passing through these, they become continuous with the protoplasmic material found in the 

interglobular spaces at the periphery of the dentine, and through these many times become con¬ 

tinuous with the bone cells found in the lacunae and canaliculi of the cement. In older teeth, 

however, this does not appear to lie true. The fibres, for the most part, have disappeared from 

the finest canals at the periphery; even some of the finer processes of the dentinal canals have 

disappeared as such to a considerable degree; and the granular layer, also, is not so well marked. 

As the tubidi anastomose with each other on their way to the periphery by means of their 

transverse branches, so also their contents anastomose with each other; and as some of the tubuli 

appear to end in loops by anastomosing with neighboring branches, so in these cases, at least, it 

would appear that the fibres themselves thus terminate. But in all probability this is not the 

most frequent method. As mentioned above, in the case of young teeth there is a direct connec¬ 

tion of these dentinal fibres with the soft, protoplasmic cells of the granular layer. The fine 

processes extending toward the enamel from this granular layer must be considered as canalic¬ 

uli from the interglobular spaces, tilled with extensions of their soft contents. The dentinal 

fibres, therefore, have for their distal terminations the following: first, in the form of loops; 

second, in the cells found in the spaces of the granular layer; and, third, in the cells found in 

the 1 aclinic and canaliculi of the cementum. Nothing is said concerning the ending of these 

fibres in the enamel, for there is no evidence to show that they even penetrate this covering. 

In the case of older teeth, much of this is changed. The contents of the interglobular spaces 

have manv times become converted into a substance analogous to the dentinal cartilage, and the 

fine processes extending from them have atrophied and disappeared. The terminal fibres in the 

finer tubuli have either atrophied or become calcified so they no longer exist. This state of affairs 

may exist only to a slight degree, or it may become quite general. 

These fibres have a certain amount of elasticity, for the odontoblasts may be separated from 

their close contact with the dentine until their processes may be seen stretched across the interval 

like minute threads. 

THE GRANULAR LAYER, 

The granular layer is simply a collection of small spaces filled with nucleated cells, showing 

the result of an incomplete or irregular process of dentifieation. It is constantly present and 

surrounds the whole of the dentine, beneath the enamel as well as beneath the cement. Its 

thickness is subject to the greatest variance. In some teeth, especially the older ones, it appears 

as a very narrow layer, only seen with the highest powers; while again, in other teeth, it gives, 

by its breadth, a marked shading to the sections as viewed by transmitted light. It would seem 

that this layer is largest in those teeth where the interglobular substance is most abundant. 

THE INTERGLOBULAR SUBSTANCE, 

The interglobular substance is imperfectly calcified dentine. It is seen in thin sections, 

arranged in more or less distinct layers, giving the appearance of lines, called the incremental 
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lines of Salter. These lines conform in a. general way to the shape of the surface of the pulp at 

its various stages of growth. The dentine surrounding this substance is arranged in the form of 

globules or nodules. In dried specimens the interglobular substance does not show, hence spaces 

appear between (inter) the globules of dentine, therefore called interglobular spaces. 1 he inter- 

globular substance can be resolved, in very young teeth and under favorable conditions, into a 

soft mass in which are a few spindle-shaped or stellate cells. Later on the substance is merely a 

homogeneous protoplasmic mass; while still later, it is generally found changed by calcification, 

or atrophy, or to a substance analogous to the dentinal cartilage. 

Some of the incremental lines are directly continuous with the layer of spaces, known as the 

granular layer. 

VASO-DENTINE, OSTEO-DENTINE, AND DENTINE OF REPAIR. 

It not unfrequently occurs that nearly the whole of the pulp cavity becomes filled with a 

secondary deposit of dentine. In examining this “ossified pulp,” vascular canals are occasionally 

seen. They are analogous to the Haversian canals of bone, and here constitute the vaso-dentine 

of Owen. In the dentine of many of the lower animals this is constantly present. 

At other times, masses containing bone lacniue are found in the dentine; these are generally 

found either near the cement or in the ossified pulp, forming the osteo-dentine of Owen. 

Occasionally the outer surface of the dentine becomes exposed, so that the terminal ends of 

the tubuli are no longer protected by the enamel or cementum. This condition may come about 

in a variety of ways: the enamel may be simply worn away, or it may be removed by some 

injury; the cementum may be removed by continued friction, or as a result of some pathological 

condition; in either of these cases true dentinal tissue may be deposited on the inner surface of 

the dentine, exactly corresponding to the exposed portion of the dentine, both in position and size. 

This process is carried on to such an extent at times that.the new deposit of dentinal material 

may extend across the pulp) cavity, nearly, if not completely, filling it. This “dentine of repair ” 

cannot be mistaken for the osteo-dentine of Owen, for in the former there are neither Haversian 

canals nor laminae, so characteristic of the latter. 

THE ENAMEL. 

The enamel is the hardest substance in the body. It invests the crown of the tooth, protects 

its exposed portions, and quite accurately follows its contours. 

It is quite thick directly over the grinding surface of the tooth, and becomes gradually 

thinner as it extends over the neck, where it ceases. Notwithstanding its great hardness, it 

occasionally becomes greatly worn down by long usage. 

It is composed of closely-crowded, polyhedral fibres, known as the enamel pnfisnis, enamel 

rods, or enamel columns. They are about S of an inch in diameter, and pmrsue a vertical 

direction from the dentine to the surface, so placed that the grinding surface of the tooth will 

come directly on their ends. They are pdaeed in close contact with each other, being separated 
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only by a delicate interstitial substance, analogous to the animal cement substance found so 

generally distributed throughout the body. Ts early all the fibres extend through the whole 

thickness of the enamel; some, however, especially in the outer portions, appear not to penetrate 

far into the interior. 

Alternate light and dark bands are seen in a longitudinal section of the enamel. This 

appearance is probably due to the fact that the bundles of enamel prisms are not all arranged 

quite parallel, some standing vertical to the dentine and others nearly parallel to it; this crossing 

of the bundles, therefore, affecting the transmitted light, gives the alternate light and dark 
> o o 1 o o 

shadings. 
O 

There are also seen, besides these radial stripes, dark, wavy, curved lines, running parallel to 

the surface of the tooth, crossing the fibres. These are the brown, parallel stria?, or colored lines, 

of Retzius. It is not definitely known how to account for this appearance—whether it is due to a 

deposit of pigment or to the presence of oxide of iron, or to some altogether different cause. There 

is some slight evidence to show that these lines are due to inequalities in the density of the enamel 

prisms, showing a laminated mode of formation of the enamel. Some of these lines show more 

boldly than others, while, again, some are close together and others widely separate? 1, Some 

specimens show the lines quite clearly, while on others it is difficult, if not impossible, to show 

their existence. 

Adult enamel prisms can be easily isolated by dilute hydrochloric acid. They are thus shown 

to be solid six-sided prisms. After this action of the acid, dark, transverse striae and slight 

swellings are seen on the fibres. The regularity at which these lines and varicosities occur is 

indeed remarkable, and cannot be fully explained. Prolonged action of the acid results in 

breaking up the fibres in the direction of the transverse lines, into small cubic fragments of about 

equal size. It is possible that these markings represent an “ intermittent calcification ” of the fibre. 

In young teeth, the transverse markings on the fibres and their tendency to break up into 

fragments are not so well marked. 

A transverse section of the enamel shows a delicate mosaic, with six-sided areas. 

If a transverse section of young enamel be treated with some acid—as dilute hydrochloric—it 

is observed that the central part of the fibre will be affected sooner and to a greater extent than 

the periphery. This can be explained only by believing that when the columnar enamel-cells are 

undergoing calcification, during the process of the development of the tooth, the hardening salts 

are deposited first at the periphery of the cells and gradually reach the center. In immature 

fibres, many times a central canal can be seen, soon to be obliterated as calcification would 

progress. Now, if acids should be applied to the fibres, the more recently-deposited calcareous 

matter would be the first to be affected, hence the center of the fibre more quickly destroyed. 

The lower ends of the enamel prisms are set in hexagonal depressions on the surface of the 

dentine, while the outer ends are either free or set in corresponding depressions on the under side 

of the euticula of voung teeth. 



THE CUTICULA,—-THE CEMENT. 

THE CUTICULA, 

The cutieula, or Nasmyth’s membrane, is a thin membrane of epithelial cells, covering the 

free surface of unworn enamel. In very young teeth, soon after their appearance through the 

gums, this membrane is easily demonstrated by dilute acids. It exhibits on its under side 

hexagonal depressions for the reception of the free ends of the enamel prisms; and, after staining 

with nitrate of silver, it is seen to consist of large epithelial cells. These cells are of the scaly or 

horny variety, and are capable of resisting prolonged boiling in water, and most of the acids and 

other reagents. It wholly disappears from mature teeth. 

THE CEMENT. 

The cement, or crusta petrosa, consists of modified true bone, and covers all parts of the 

dentine not protected by the enamel. It commences at the neck of the tube, covering the 

thin terminal edge of the enamel. At the upper end of the fang it is quite thin, and 

apparently without structure. As it approaches the lower end of the fang, it gradually becomes 

thicker, until, at the apex of the root, it forms a thick layer, often increased by exostosis. It also 

forms a thick layer between the roots of the bicuspids and molars. In old teeth, this layer is 

generally thicker, especially near the ends of tin1 roots, becoming so thick in some instances as to 

block up the opening leading to the pulp cavity. It is lamellated in its thickest parts, like true 

bone, although in its upper portions it appears homogeneous. 

Haversian canals are sometimes seen in thick layers of the cement, opening, perhaps, into the 

pulp cavity itself. When these canals are present, there does not appear to be any distinct 

lamellated arrangement of the matrix concentrically disposed, as in true bone. The lamella?, in 

this case, more nearly correspond to the circumferential lamellae of bone, arranged parallel to the 

periphery. 

Lacuna?, with their canaliculi, are always present. They are similar to those of bone, only the 

lacuna? are, for the most part, larger, and the canaliculi longer than usually seen in sections of 

common bone. As mentioned above, even these spaces are absent in the upper portions of the 

cementum. 

In each lacuna there is a nucleated cell, with processes from the central body of the cell 

extending into the finest canaliculi. Through the canaliculi these processes anastomose with 

other processes from neighboring cells. 

Occasionally it is noticed that one, or several, of the lacuna? are surrounded with a firm capsule, 

“ encapsuled lacuna?.” These are regarded as osteoblasts, surrounded by firm sheaths of con¬ 

nective tissue. They can be easily isolated by the action of dilute acids. 

I he cementum is covered with the periosteum, which, by its connection with surrounding 

structures, firmly holds the tooth in its socket. 



THE TOOTH PULP-THE ODONTOBLASTS. 

THE TOOTH PULP. 

The tooth pulp is a soft, very vascular and sensitive substance, constituting the model of the 

tooth. It is composed of connective tissue, nucleated cells, blood-vessels, and nerves. The matrix, 

or frame-work of the pulp, is composed of a net-work of branched cells similar to those forming 

the matrix of gelatinous connective tissue. 

The hard substances of the tooth are formed over the pulp like a cast; therefore, as the exterior 

of the teeth is seen to vary so greatly in shape, so will the pulp be found to have a great variety 

of forms. 

In young teeth, the pulp occupies a considerable portion of the center of the fangs, especially 

their middle and upper parts, extending up into the crown of the tooth. In older teeth, the pulp 

is much smaller, not infrequently becoming reduced to a small, nearly dry, mass, with few blood¬ 

vessels and nerves. Occasionally the dental chamber appears entirely tilled with secondary 

deposits of hard tissue. It is certainly true that the pulp is sometimes reduced to a mere slender 

thread, if it has not entirely disappeared. 

That the pulp is highly vascular can be readily understood by referring to the plate illustrating 

its blood-sip>ply. 

The nerves end in tine non-meduHated tibr.es that are exceedingly numerous in the peripheral 

portions of the pulp. Most delicate nerve-fibres pass out to the layer of odontoblasts, some of 

them apparently passing between these cells. Home observers interpret this appearance to mean 

that these nerve-fibril* not only pass between the odontoblasts, but also accompany their processes 

to the very periphery of the dentine. It is a significant fact, however, that no observer has ever 

actually seen these fibrils accompanying the dentinal fibres. 

THE ODONTOBLASTS, 

The odontoblasts are large, elongated cells, with their nuclei situated at their inner end, or 

that part of the cell nearest the pulp. They look not unlike a layer of columnar epithelial cells 

arranged parallel to the dental tubuli. In removing the pulp from the tooth this layer of cells 

usually adheres to the inner surface of the tooth, forming a thin membrane; for this reason it has 

been named the membrane of the dentine or ivory, the membrana eboris. 

The odontoblasts have lateral processes, connecting them with each other; processes connecting 

them with the layer of small cells situated just beneath them; and processes extending into the 

dentinal tubuli. Tt is these last processes that are of such interest in this connection. One odon¬ 

toblast may have more than a single process extending outward. Several distinct processes some¬ 

times arise from one cell. These processes divide and anastomose according to the direction of 

the dentinal tubuli. The dentinal fibres, therefore, must be regarded as extremely long processes 

from the odontoblasts. It is difficult to understand how Klein holds to the idea that the dentinal 



THE LYMPHATICS, 

fibres are not derived from tlxe odontoblasts, but rather from the layer of smaller cells beneath. 

A study of a young, developing tooth shows clearly how the processes from the odontoblasts 

extend into the dentinal cartilage. A further study will show how the cartilage becomes calcified, 

retaining these processes in their hard structure. 

The odontoblasts are, in all probability, in direct connection, or direct contact, with the line 

nerve-fibres of the pul]) periphery, and are capable of acting as ganglionic bodies, as conveyers 

of nerve-force. There are many places in the body where nerve-fibres are in direct connection 

with terminal cells, unlike nerve-cells or nerve-fibres in their general appearance. I his is true in 

the case of the columnar cells of that part of the Schneiderian membrane, where is located the 

sense of smell. It is true, also, with cells of the taste-buds, with cells in the salivary glands, and 

with some others. So, here it would seem that the fine terminal fibres of the dental nerves end in 

direct connection, or contact, with the odontoblasts. Physiologically, they must be regarded as 

capable of transmitting the same impulses imparted to them by the nerve-fibres. As the dentinal 

fibres are simply processes of the odontoblasts, they must be regarded, physiologically, as the very 

endings of the dental nerves. The odontoblasts, therefore, must be regarded both as ganglionic 

bodies, capable of transmitting nerve impulses, and as cells capable of producing the matrix of 

the dentine itself. 

Beneath the layer of odontoblasts there are peculiarly branched, spindle-shaped or pyramidal 

cells. They are identical with the cells found so generally distributed throughout the pulp, only 

here at the periphery they are collected together to form a more or less distinct layer. By their 

processes they anastomose with each other, with the layer of odontoblasts, and 'with the deeper 

cells of the matrix. 

THE LYMPHATICS. 

The pulp is well supplied with lymphatics, their walls being formed by the endothelial 

membranes ensheathing the blood-vessels. There doubtless exists, also, a regular lymph-canalic¬ 

ular system throughout the dentine and cementum. Neither' the dentinal fibres in the dentinal 

tubuli, nor the cells in the lacunae and canaliculi of the cementum, nor the protoplasmic masses 

in the interglobular spaces, quite fill the spaces allotted to them, leaving room for the flow of 

lymph about them, and corresponding, in a general way, with the lymph-canalicular system of 

the whole body. 





METHODS OF EXAMINING. 

10K ordinary sections of tlie different parts of a tootli, the following method is sufficient: 

Longitudinal, or transverse sections are made as thin as possible, and yet have all the 

section entire. This is easily done with a fine saw, provided the tooth is neither too old nor too 

dry. The section is now transferred to a hone, or fine grindstone, or, better still, is held to an 

emery-wheel, such as is commonly used by dentists for polishing. If this wheel be made to 

revolve rapidly on the polishing latlte, and if the section be held against it by the aid of a piece 

of cork, if desired, in a very short time it is made extreme!}’ thin. It should be kept very wet 

with waiter while it is being ground, in order that it may not crumble to pieces. 'Idle section 

should be so thin that it is quite flexible, and looks transparent to the unaided eye. After thor¬ 

oughly washing the section with water by the aid of a cameLs-hair brush, it is allowed to dry. 

When completely dry, it should be mounted in hard Canada balsam. The balsam should be so 

hard, when cold, that it can be chipped off in flakes with a knife. Ordinary balsam can lie 

reduced to this condition by long exposure to the air, or, better still, by tin1 application of heat 

until the volatile matters are driven off. When read}’for mounting, a. glass slide and cover-glass 

are gently warmed; the hard balsam is also warmed. A drop of the balsam is placed on the 

glass slide and a drop on the cover-glass. The slide and cover, with the balsam, should lie 

allowed to cool until the balsam appears quite thick, and at the same time quite soft. The 

section of tooth is now placed on the balsam that is on the slide, and the cover-glass, with its 

balsam, inverted over it and pressed down against it. There should be no excess of balsam; and, 

if the cover-glass will not press down tightly against the slide, A slight application of heat, 

warming and softening the balsam, will accomplish the object. The tubuli, the lacunae, and 

canaliculi, filled with air, now appear, by transmitted light, as intensely black bodies, distributed 

in a pure white medium. The result is eminently satisfactory, and the process is not difficult, if 

it be borne in mind that the object in mounting is to retain the air in the tubuli, lacunae, and 

canaliculi, and, therefore, not to allow the balsam to enter them. 

For temporary study, the sections, prepared as above, are very satisfactory if examined in water. 

They should be examined, first, with a low power, and afterwards with the higher powers. 

For softening teeth. For softening teeth, in order to cut the sections with a knife, a one-half 

per cent solution of chromic acid, to which a few' drops of hydrochloric acid have been added, 

will 1 >e found generally useful. 1 he amount of the solution should be large in proportion to 

the size of the tissue to be softened. 



METHODS OF EXAMINING. 

The following mixture may He used: Chromic acid, 1 gram; nitric acid, 2 c. c.; water, 

200 c. e. 

A saturated solution of picric acid is useful, because, at the same time that it is decalcifying 

the hard structures, it is hardening the soft ones. A young, fresh tooth is broken open by the 

blow of a hammer, and placed at once in the saturated solution. Crystals of the acid are 

added from time to time, and the whole solution frequently agitated. After some weeks the hard 

structures will be soft enough to allow a needle to pass through them. The tooth is then trans¬ 

ferred to water—better placed in a vessel under a water-tap—and thoroughly washed until all 

traces of the acid are removed. Indeed, this step should be the same whenever any decalcifying 

mixture has been used. The tissue is then placed in alcohol and there kept until ready for sec¬ 

tions to be made with a knife. 

Sections thus cut can be stained in luematoxylin and mounted either in glycerine or balsam. 

It should be remembered that the enamel is nearly all dissolved by even dilute acids. 

E.ramin'nvj teeth in -situ and n-tainimj palp. The teeth may Ik* examined as given above, 

together with their relations to the surrounding parts. This is accomplished by making sections 

completely through the Taw of a small animal. The flesh should be all cleared away, and the jaw 

cut in pieces about an inch in length. These should be placed in the picric acid solution, or in 

the chromic and nitric acid solutions, until sufficiently decalcified; this is easily ascertained by 

piercing the tissue with a needle. When softened, the tissue should be thoroughly washed in 

water, placed in alcohol, cut, stained with lnematoxylin, and mounted. 

Dr. W. C. Brittan, of Detroit, proceeds as follows to obtain sections as above: The jaws of 

a well-injected animal are placed for a few days in fifty per cent, alcohol, then in absolute alcohol 

for about two weeks; then, with a fine, sharp file, cut away the bone from both sides of the jaw 

where the section is desired, until by holding to the light the pulps of the teeth are visible, care¬ 

fully keeping the piece and the file wet with alcohol during the operation. Thoroughly wash the 

piece with a soft brush in alcohol, and place in clove oil for a few hours, or until clear. Then 

transfer to a very thin solution of balsam in benzoic, gradually thickening the solution from day 

to day by adding pure balsam until the tissues are thoroughly permeated. This is an important 

part of the process, and should not be hurried. Now place the piece in some shallow dish, and 

add pure balsam enough to cover it and evaporate to hardness, being careful not to raise the heat 

above 110" Fahrenheit. When the balsam is hard, the section may be worked down to suit. The 

balsam will hold the soft parts in position while this is being done; use water as a lubricant for 

this part of the work. The section made to suit, dissolve out the balsam with benzole, place in 

absolute alcohol for a day, clear again in clove oil, and mount in balsam. Sections made in this 

way are necessarily somewhat thick, for the reason that the different parts which are desired to 

show in the section seldom lie in the same plane; consequently they are best mounted in a cell 

ground into the slide, which allows the cover-glass to be brought down close, and makes a hand¬ 

some job when finished. The method may seem somewhat tedious, and certainly requires some 

patience, but the results more than repay for the trouble. 

Sections of teeth with padp. Dr. F. O. Jacobs, of Newark, Ohio, gives a process for this, as 

follows: As soon as the tooth is extracted, it should be immersed in alcohol, and kept there until 

ready to begin work. To do the work, a polishing lathe and emery wheels, such as dentists use. 



METHODS OF EXAMINING. 

are necessary. The wheels should be about five inches in diameter and three-fourths of an inch 

thick; also a small felt wheel, for a pad to hold the section while cutting. 

One emery wheel should be very coarse, to do the first cutting rapidly; then a medium; and 

for the finishing wheel, one made of the finest dour of emery. 

The tooth is held to the circumference of the wheel with the thumb and finger of each hand. 

Cut down the tooth on each side until the pulp is seen, sliding the tooth back and forth across 

the wheel in order to grind evenly from the crown to the apex of the root. Keep the wheel 

thoroughly wet with distilled water. The tooth should now be returned to the alcohol and kept 

there a short time, for half an hour. When grinding again, use the fiat surface of the same 

wheel, cutting one side, then the other, until the section is about one-eighth of an inch thick, 

fsfbw use the next finer wheel, and go from that to the finest for the last polishing, returning the 

section to alcohol occasionally for a few minutes, in order to keep the pulp as hard as possible. 

Use the felt wheel as a bed for the section while grinding. 

Cut the tooth on one side, then on the other, alternately, to insure taking the section from the 

center of the tooth. 

When the section is as thin as desired, it should be carefully washed in distilled water and 

examined under a one-incli objective, to see that the fibres from the felt wheel are all washed 

from the pulp. The pulp can now be stained with carmine, and the section kept in alcohol until 

ready for mounting, when the section should be passed through clove oil to thin balsam. 

The methods of Drs. Brittan and Jacobs give most beautiful results for objects to be viewed 

either with the unaided eye or with the low' powers; for the higher powers other methods are 

necessary. These are the more general methods. References have been made in the descriptive 

text to effects produced by special reagents on the various structures. 
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